A Publication for the 
Radio Amateur Worldwide 


Especially Covering VHF, 
UHF and Microwaves 


VHF 
COMMUNICATIONS 


Volume No.32 . Summer. 2000-Q2 . £5.00 


| 
nne ciiaes 
500 | 
| | 
i 
| 
| | 
r| } 
| 


Betrag Impedanz 
: 00 


edanz 


Imp 


Ante 
1..100W 1,5.....60 MHz 
lImpedanzneter 
DBINV 


— 


Bundantelt I 
Lels tung 


Aerial Impedance Meter 


Dr. - Ing. Jochen Jirmann 


RF/Microwave Reference Books 


Find us on the Web at: www.noblepub.com 


NEW! Small Signal Microwave Amplifier Design 
By Theadore Grosch — A new standard for teaching or technical reference on an essential 
design topic. Solutions guide is available for instructors. #NP-31 $79.00 


HF Radio Systems & Circuits 
W. Sabin and E. Schoenike, Editors — The engineers of Collins Radio prepared this excep- 
tional reference for radio circuit and system design. #NP-30 $75.00 


Oscillator Design and Computer Simulation 
By Randall Rhea — Practical oscillator design using any type of resonator and any active 
device. A valuable guide to understanding oscillators. #NP-1 $64.00 


HF Filter Design and Computer Simulation 
By Randall Rhea — A thorough guide to designing filters that are not just exercises, but 
intended to be built. One of the best books on microstrip filters. #NP-2 $59.00 


Transmission Line Transformers 
By Jerry Sevick — The only book on the subject of broadband RF transformers. Has dozens 
of built and measured examples that you can duplicate. #ENP-9 $34.00 


Electronic Applications of the Smith Chart 
By Phillip Smith — Learn the Smith chart the way its originator intended. Become expert 
with the best transmission line design tool ever developed. #NP-4 $59.00 


Microwave Field Effect Transistors 
By Raymond Pengelly — This is the definitive book on GaAs MESFETs, covering the sub- 
ject from device physics to many circuit design examples. #NP-8 $79.00 


Microwave Transmission Line Impedance Data 
By M.A.R. Gunston — A complete collection of equations and graphs that characterize 
coax, stripline, microstrip and unusual topologies. #ENP-10 $54.00 


We also have books on Digital Modulation, Dielectric Resonators, Microwave Diodes and 
other key subjects — plus software and video training courses for RF/microwave design! 


Prices do not include shipping — See our Web site or contact us for a quote. 


PU 


B 
Noble Publishing Corp. * 4772 Stone Dr. » Tucker, GA 30084 « USA 
Tel: +1-770-908-2320 » Fax: +1-770-939-0157 * E-mail: orders@noblepub.com 


a | 


Nm wv 


VHF COMMUNICATIONS 2/2000 * J 


Contents 


Dr.- Ing. Jochen Jirmann A Vectorial Aerial Impedance 66 - 88 
DBINV Meter For The Short-Wave 

Range 
Harald Fleckner Teflon or Epoxy Base Material ? 90 - 104 
DC8UG 
Dipl.-Ing. J.v.Parpart The 1/Q Modulator Described 106-117 
Wolfgang Schneider Logarithmic Amplifier Up To 119 - 124 
DJ8ES 500 MHz With AD8307 


This is my second issue as editor. The articles this time are quite technical but there 
is a lot of useful and interesting information. 


! had planned to put more articles in this issue but there was not enough space to 
squeeze another article in this time. | will be looking at different DTP packages over 
the summer to see if it is possible to increase the contents without decreasing the 
quality. 


Thank you to the readers who have sent comment on my first issue (mostly good !), I 
am always pleased receive these, it helps me to know what you want. See page 125 
for an update on plans for the 2000. - Andy 


& q 
+ KM Publications, 63 Ringwood Road, Luton, LU2 7BG, UK 
Telephone: 01582 581051, INT: +44 1582 581051, FAX: +441582 581051 


Email: andy@vhfcomm.co.uk 
WWW: _http://www.vhfcomm.co.uk 


65 


+ 


Dr.-Ing. Jochen Jirmann, DBI NV 


VHF COMMUNICATIONS 2/2000 


A VECTORIAL AERIAL 
IMPEDANCE METER FOR 
THE SHORT-WAVE RANGE 


Aerial impedance measuring bridges 
have been described for years in 
relevant aerial literature such as the 
Rothammel [2], and yet most radio 
amateurs know nothing about them. 
In contrast to the standing wave 
meter, with a bridge information can 
be obtained concerning the true value 
of the aerials resistive and reactive 
components, 


Anyone who has ever worked with an 
aerial measuring bridge will come to 
think of the standing wave meter 
method as something out of the Stone 
Age. So why is it that the bridge 
method is so unpopular, in spite of its 
advantages? Probably because a two- 
stage low-power balancing procedure 
has to be carried out for each meas- 
urement procedure and the bridge 
can not remain permanently in the 
feeder. 


Both these disadvantages can be 
eliminated with modern electronics: 


The aerial impedance meter described 
below represents a (relatively) simple 
way of creating a vectorial network 
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analyser, and is intended as an aid for 
radio amateurs who do a lot of 
experimenting with short-wave aerials 
or who are active on field days. It 
makes it possible to measure the 
impedance of an aerial in terms of 
magnitude and phase, and to do this 
it is looped into the feeder like a 
standing wave meter. Using this infor- 
mation, balancing aerials is made 
considerably simpler. 


1. 

PRINCIPLES OF ALTER- 
NATING CURRENT 
MEASUREMENT METHODS 


This section is intended for those read- 
ers who have no electrical engineering 
training. Basic terms such as impedance, 
real resistance and reactive impedance, 
level and phase are explained here. A 
more comprehensive picture can be 
obtained, for example, from Chapter 32 
of [2]. 


Direct current technology involves only 
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Fig. 1: Representation of Complex Resistances in Resistance Diagram 


(Blindwiderstand = Reactive impedance, Wirkanteil = Active component, Betrag 
= Amplitude, Blindanteil = Reactive component, Wirkwiderstand = Effective 
resistance, Komplexes Widerstandsdiagram = Complex resistance diagram, 
Koordinatentransformation = Co-ordination transformation, Kreisbogen 
konstanten Blindwiderstandes = Constant reactive impedance ares, Kreis 
konstanten Wirkwiderstandes = Constant effective resistance circle, Reflexions- 


faktor-Diagramm (Smith-Diagram)) 


effective resistances which use the 
power supplied and convert it into other 
forms of energy. Alternating current 
technology also involves components 
which store energy in the form of 
electrical fields (capacitors) or magnetic 
fields (coils). A capacitor also picks up 
current from an alternating current 
source almost without heating itself up. 
If the voltage and current at the capaci- 
tor are measured, e.g. with a multimeter, 
it will nevertheless have a resistance in 
accordance with R Vil. What we 
actually did here was to carry out a 
scalar (relating to level) impedance 
measurement, which does not allow for 


any differentiation between a resistive 
load and a reactive impedance (capaci- 
tor, coil). Transferred to aerial technol- 
ogy, this means that we do not know 
whether energy is being radiated in the 
form of an electro-magnetic wave or 
merely generating reactive power. This 
fine distinction is not noticed until the 
phase position between the voltage and 
the current is evaluated, i.e. a vectorial 
impedance measurement is carried out. 
With a pure effective resistance, the 
voltage and current are in phase. For a 
pure reactive impedance, they are phase- 
displaced through 90°. With a coil, the 
voltage leads 90° in front of the current, 
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and with a capacitor it is 90° behind it. 
In practice, aerials have a complex 
impedance, which has an effective frac- 
tion and also a certain reactive imped- 
ance. 


To represent complex resistances, we 
use the resistance diagram (Buschbeck 
diagram), in which the effective fraction 
is plotted towards the right, positive 
reaclive impedances (inductances) are 
plotted upwards, and negative reactive 
impedances (capacitances) are plotted 
downwards, as shown in Fig. 1. Resist- 
ances can be represented in the upper 
half-plane as a series circuit of a 
resistance with an inductance, and in the 
lower half-plane as a series circuit made 
up of a resistance and a capacitor. A 
complex resistance (impedance) can be 
described either in terms of an active 
component and a reactive impedance or 
in terms of the level (the vector length 
from the origin to the impedance point) 
and the phase angle between the level 
indicator and the X axis. 


The representation as a Smith diagram 
(reflection factor diagram) which is 
obtained through a transformation (con- 
formal representation) in accordance 
with the equation 
r=(ZZL\Z + ZL) 

should be more familiar to VHF-UHF 
amateurs. By this means, the impedance 
diagram is immediately standardised to 
the system impedance level (e.g. 50 
Ohms or 75 Ohms). The vertical lines of 
the constant effective resistance are 
formed into closed circles, while the 
horizontal lines of the constant reactive 
impedance form arcs. The tuning point 
lies in the centre of the diagram and the 
reflection factor (in accordance with the 
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level and phase) is the indicator from 
the diagram centre to the location of the 
impedance, Z. The voltage standing 
wave ratio, again, is derived from the 
reflection factor through the equation 


SWR =s=(1 + [rJ¥C [r]) 


If we are investigating an aerial with 
various measuring instruments, an SWR 
meter sees only the impedance variation 
from the 50-Ohms point. Thus we know 
only that the impedance lies on a circle 
around the phasing point. 


A tuning measuring bridge with a 
variable multiplier (e.g. the Matchmaker 
in [2]) continuously delivers the active 
component of the aerial impedance 
correctly, A reactive impedance is rec- 
ognised indirectly from the fact that the 
balancing of the measuring bridge sup- 
plies no sharp zero but only a fuzzy 
minimum, Only a correct alternating 
current measuring bridge and measure- 
ment of the reactive impedance supplies 
a complete impedance measurement and 
thus makes it possible to carry out 
purposeful tuning measures. 


De 
PROCESSES FOR MEASUR- 
ING AERIAL IMPEDANCE 


For most radio amateurs, the concept of 
aerial impedance measurement brings to 
mind only the phrase standing wave 
meter. Balancing an aerial is thus some- 
what like an attempt to repair a modern 
transceiver using a Duspol or an LED 
voltage tester. 
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Fig. 2: Measurement Unit Wiring Diagram 


Vom Sender = From transmitter, Mefeinheit = Measurement unit, Zur Antenne 
= To Aerial, Zweig = Branch, U-Trafo = Transmission transformer, Betrag 
Spannung = Voltage level, Betrag Strom = Current level, Phase Strom = 
Current phase, Phase Spannung = Voltage phase 


Even an ideal standing wave meter 
merely supplies information concerning 
how far away from the tuning point we 
are, It does not say whether the Aerial 
impedance is too low or too high, or 
whether an inductive or capacitive reac- 
tive impedance is causing tuning to 
deteriorate. 

In reality, things look even grimmer, for 


anyone who has not been able to obtain 
a Bird Wattmeter at a good price. or 


who still has a Drake W4 or a WV4, has 
to rely on the questionable accuracy of 
so-called amateur SWR meters. The sad 
truth is that accuracy of measurement is 
not merely a matter of price. Investiga- 
tions by DHI NAW have shown that 
many cheap SWR meters measure more 
accurately than expensive equipment. 
Moreover, nobody knows how long a 
model will actually continue to be 
produced without any changes. Ofien a 
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oe 
different core material for the current 


transformer or a new type of diode is 
enough to bring about alterations. 


For years, the best solution has lain in 
looking in the Rothammel [2], where 
various aerial measuring bridges are 
described. The much-hyped noise 
bridges, in the authors opinion, are at 
present pointless if one has a transceiver 
capable of continuous transmission, 
which can be reset to a low power level 
of less than 10 W. With a fixed 10-dB 
attenuator, one has an ideal test trans- 
mitter for aerial trials. Receiver / test 
transmitters have too low an output for 
this purpose. Since wireless transmitters 
already generate total power levels ex- 
ceeding | mW on a large short-wave 
aerial, a test transmitter power of 100 
mW is the minimum. The obtainable, 
and much-used, 3200B power oscillator 
from Hewlett-Packard from the Valve 
Age is extremely suitable. 


More remarkably, the advantages of 


aerial measuring bridges are scarcely 
known about, or they are reputed to be 
very laborious to operate. It is therefore 
time to consider a modern procedure 
which automatically generates the infor- 
mation content of a manual impedance 
bridge. 

The specification was defined as fol- 
lows: 


Measurement in a coaxial 50-Ohms 


system 


vc Frequency range 1.8 to 30 MHz or, 
~~ better, to 60 MHz (6-m. band) 


— Displaying of aerial impedance level 
and phase 
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— Operation with standard transceiver 
power levels of max. 100 W 


— More reliable displaying from 0.5 to 
| W for QRP transmitters 


— Battery operation 


— Format comparable with normal 
SWR meter 


— Operation as automatic as possible 


A difficult problem lay in finding the 
optimal forms of display. for here the 
desirable representations differ a great 
deal. The ideas range from simple 
indicator instruments through Juminous 
spot displays and digital displays, all the 
way to small LCD screens with a Smith 
diagram representation. For this reason, 
the reading generation and the display 
have been separated, so that we can all 
find our own solution, up to the inter- 
face or the notebook. 


The prototype was equipped with 20- 
stage luminous spot displays. The accu- 
racy of reading is adequate, and the 
solution is cheaper, more compact and 
more robust than using two analogue 
instruments! To make it simpler to. set 
the 50-Ohm point, the level scale in this 
range is electronically expanded. 


Incidentally, impedance measuring is 
very simple with the current/voltage 
method. A current transformer measures 
the aerial current, a voltage transformer 
measures the aerial voltage. The quo- 
tient of the levels is the aerial imped- 
ance level and the phase position be- 
tween the voltage and the current sup- 
plies the impedance phase angle. 


All the user has to do during the aerial 
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balancing is to bring the two luminous 
spots for the level and the phase to the 
centre of the scale! With a little prac- 
tice, one can recognise the difference 
between the resonance point of an aerial 
(the real input resistance, but not neces- 
sarily at 50 Ohms) and the result of 
conventional balancing, in which the 
input resistance is complex, but by 
chance lies closer to the 50-Ohm point. 
Moreover, it can be seen at once 
whether a dipole is too short (capacitive 
reactive impedance) or too long (induc- 
tive reactive impedance). 


3. 

THE EQUIPMENT CONCEPT 
OF A VECTORIAL AERIAL 
IMPEDANCE METER 


In the earlier sections, it was assumed 
that we were talking about an independ- 
ent solution with a built-in high-fre- 
quency source. This will not be taken 
any further, for two reasons. 


Firstly, a high degree of accuracy in 
targeting frequencies is necessary to set 
resonances reliably for narrow-band 
aerials, one which requires at least a 
built-in counter, or better a synthesiser 
source. 


Secondly, for a reliable measurement. 
uninfluenced by strong wireless trans- 
mitters, a high-frequency output of 100 
mW or more is required, which unneces- 
sarily increases the current consumption. 


Since many transceivers with continuous 
transmission ranges have recently be- 
come available, with power levels which 


Ca 
can be regulated down to under | W, 


there is no longer any reason to have a 
built-in high-frequency source. 


So the measurement circuit was con- 
ceived for high-frequency outputs of 
between | and 100 Watts. A_ level 
monitoring system included which sig- 
nals if this power is outside the accept- 
able range. Moreover, it is even possible 
to leave the impedance meter in the 
aerial line, since the maximum power 
take-olf is 5% of the throughline power. 


A further point worth considering is the 
power supply. As is well known, accu- 
mulators are always empty when you 
need them, and external power supplies 
are difficult on a field day. For this 
reason, a normal 9-V_ battery (alkali/ 
manganese) is used as the power source 
which, in spite of the circuits very high 
current consumption, allows for a good 
hours operating time. 


A control circuit activates the power 
supply only if high-frequency energy is 
being applied or if a key is pressed. So 
operation is bound to be intermittent, 
which means the battery could last out 
for an entire portable season. The 
internal current supply circuit is de- 
signed in such a way that it will operate 
with any DC voltage from 3.5 to 20 
Volts, so that nothing stands in the way 
of operating with an external supply. 


As already mentioned, two 20-stage 
luminous spot displays are used in the 
prototype. If so desired, they can be 
replaced by two indicator instruments 
with the zero point in the middle. A 
solution using a' PIC or 80C51 micro- 
controller was also taken into considera- 
tion for the all-digital people. 
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4. 
REALISATION 


The aerial impedance meter consists of 
the following fucntional blocks: 


Reading measurement with voltage and 
current transformer 


Level measurement with quotient output 
and display scaling 


Phase measurement 


Luminous spot displays with driver 
circuit 


Power supply 


4.1. Reading measurement 


The readings for the voltage and the 
current in the feeder are taken by two 
conversion transformers. It is simplest if 
the current transformer takes the form of 
a superstructure. ‘The internal conductor 
of the coax cable leads through a ferrite 
ring core (PT 50-43 in the prototype) 
and forms a primary winding for the 
transformer. The secondary coil has 7 
turns made from 0,5 mm. enamelled 
copper wire (uncritical) and feeds a 
§0-Ohm resistance which. for reasons of 
high-frequency capability and current- 
carrying capacity, consists of four paral- 
lel-wired 0.6 W-metal layer resistors, 
type 0207. 


In Fig 7 - a photograph of the specimen 
apparatus, the transformer can be seen 
made from 4 semi-rigid cable with a 
ring core transformer sunk in a slot in 
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the printed circuit board, it has a 
compensation capacitor of | pF at the 
aerial output. A band width of exactly | 
MHz to | GHz was obtained. The 
inherent reflection remains below 20 dB. 
which should suffice. 


The voltage transformer was_ initially 
wound as a simple 7:1 transformer but, 
in spite of the lower frequency, that was 
a failure. Depending on the type of 
winding, cither the stray capacitance or 
the stray inductance was too high. One 
way out was a 3:1 trifiliar transformer (3 
x 13 turns of Teflon-insulated wire-wrap 
wire on FT 50-43) followed by a 
voltage divider made from metal layer 
resistors (due to the current-carrying 
capacity). With two ferrite beads and a 
small longitudinal coil (they attenuate 
control resonances in the WHF range) at 
the internal conductor tap, a frequeney 
response error was attained of better 
than + 0.15 dB from 1 to 100 MHz. The 
amplitude error for the two measuring 
channels remains less than 10% in the 
range from | to 60 MHz! 


How did the winding ratio of 7:1 for the 
measuring transformer come about? 
With 100 Watts and tuning, a high- 
frequency voltage of 70.7 V is obtained 
on the line. After transformation, that is 
10 V in the voltage path. With standard 
high-frequency diodes with a blocking 
voltage of 40 V, this voltage can be 
reliably rectified. If the high-frequency 
power is reduced to 1 W, high-fre- 
quency voltages of | V are obtained, 
and we are still in the linear range of the 
rectifier characteristic. 


Even if most OMs think only of 
germanium diodes for the rectification 
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of the higher H-F voltages, there are 
more modern solutions. Siemens (now 
Infineon) have developed the BAT 62 
Schottky diode as a replacement for 
germanium detectors. It has data corre- 
sponding somewhat to the AA 119 or 
AA 143 demodulator diodes known of 
old, the blocking voltage being some- 
what higher (40 V) and the capacitance 
considerably lower. Among other things, 
Fig. 3 shows the reading measurement 
circuit section, 


At the output of the rectifier, two direct 
voltages are available which represent 
the readings for the voltage level and 
the current level at the aerial connection. 


4.2. Level measurement 


To measure the impedance level, the 
output voltages of the voltage trans- 
former and current transformer are recti- 
fied at high resistance. The two DC 
voltages actually had to be divided by 
one another which, in analogue circuit 
technology, requires a bit of effort. A 
digital divider circuit, in the form of a 
micro-controller, is certainly simpler, 
but you then also need two analogue/ 
digital converters with 10 to 12 bit 
resolution and corresponding display 
technology. So that idea was ruled out 
from the start. 


If it is desired to represent readings over 
a wide range of values, then a logarith- 
mic scale suggests itself. The better 
analogue logarithmic circuits form the 
logarithm from the ratio of two voltages. 
Such circuits have been put forward 
many times in VHF Reports. A look at 
Tietze-Schenk [1] will provide further 
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assistance. 


As Fig. 3 shows, the logarithmic circuit 
consists of two precision OPs (OP 07 or 
MAX 400) and a p-n-p double transis- 
tor. or two selected BC 559 individual 
transistors, It forms the logarithm of the 
quotient of the two voltage values. See 
[1] for more details on this method. 


At the output of J1 the logarithmic level 
signal appears, and a voltmeter with a 
central zero setting could be directly 
connected here. Since such display in- 
struments are rare, there follows an 
amplifier stage with a TL 082 (J5), 
which provides adjustable amplification 
and voltage offset. The output voltage is 
scaled for the LM 3914 luminous spot 
modules used in the specimen, which 
require a voltage of 1.25 V for full 
display. 


A non-linear voltage divider (R 36, R 
40, D 8, D 9) is incorporated between 
the logarithmic circuit and the display 
amplifier. This addition was DJ 3 VYs 
idea and ensures that the scale is 
extended by the factor 3 around the 
50-Ohm point, thus making it easier to 
adjust for precise tuning, 


The window comparator J 2 is a 
constituent part of the level measure- 
ment equipment and, depending on the 
voltage measured, it switches on one of 
the three LEDs Level Too Low (< 1 W), 
Level OK (1 to 100 W). or Level Too 
High (> 100 W). Reliable measurements 
can be obtained even with power levels 
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Fig. 4: The LED Display Module 
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of under 500 mW! 


4.3. Phase measurement 


For phase measurement, the output volt- 
ages of the measurement transformer are 
first converted into square-wave volt- 
ages. Two gates running as monostables 
generate spike pulses, which set and 
reset an RS flip-flop. The mean value of 
the flip-flop output voltage is then the 
phase measurement value. 


To start with, the high frequency is fed 


directly to the corresponding — series- 
connected 74 AC gate. As long as RF is 
present, everything is fine. But when no 
RF is fed in, the gates go into linear 
drive, and their current consumption 
rises giving the risk of overheating. For 
this reason, pulse formers are series- 
wired with differential amplifiers. 


As Fig. 2 shows, a limiter with two 
Schottky diodes which are connected 
prior to the inputs. The operating point 
of the amplifiers is set in such a way 
that the open-circuit output voltage lies 
at around 2 V, i.e. below the critical 
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linear range. The two trimmer capacitors 


at the outputs are used for tuning at high 
frequencies. 


The differential amplifiers were initially 
assembled using the correct high-fre- 
quency transistors, but the circuit 
seemed to have ideas of its own. It was 
not clear what was happening until a 
sampling oscilloscope was used with a 
10 GHz band width. On the pulse tops 
of the square-wave voltage there were 
self-oscillations bouncing up to 2 to 5 
GHz! A telephone conversation with DF 
8 CA brought the solution. The transis- 
tors were too good. What was needed 
were lame high-frequency transistors. 
BFS 17 is a derivative of the ancient 
BFY 90 type, with a transit frequency of 
app. | GHz. 


Following the differential amplifiers, the 
two signals are square-wave to some 
extent. ‘Two 74 AC 00 gates provide for 
the final square-wave formation, and 
two monostables, which utilise the gate 
running times and the RC time constants 
of the inputs, generate negative spike 
pulses with a width of 3 to 5 nsec. 
which set and reset a flip-flop which is 
also formed using 74 AC 00 gates. 


The current signal is phase-displaced by 
180° with regard to the voltage signal, 
which is set to have the polarity of the 
current transformer. With a_ resistive 
load (0° phase between voltage and 
current), a rectangular voltage with 50% 
mark-space ratio appears at the output 
of the flip-flop. Depending on the phase 
angle of the aerial impedance, the 
mark-space ratio varies from 25% to 
75%, or the mean voltage following the 
low-pass filtration varies from 1.25 to 
3.75 Volts. As in the level channel, a 
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TL. 082 (second part of J 5) provides for 
the tuning of the level and the open- 
circuit voltage. Here too, a voltmeter 
can be connected up directly. 


4.4, The display module 


Anyone with lots of space will be well 
served with two voltmeters or milliam- 
meters as displays, especially as the 
operational amplifier supplies enough 
voltage (+ 3 V) and current (~ 20 mA) 
to drive almost any instrument. 


A 20-place luminous spot display with 
LED bar modules saves space and is 
precise enough for the application. Trig- 
gering can easily be provided using two 
LM 3914 cascaded LED luminous spot 
drivers from National Semiconductor 
[3]. ‘They are wired up for a display 
range from 0 to 1.25 V, because that is 
the simplest external circuit. The circuit 
used is practically the application cir- 
cuit. 


There are no constraints for the display 
assembly. If we start with a micro- 
controller with an LCD module as a 
display assembly, then the following 
options can be obtained: 


Combined display as numerical value 
and bar diagram 


Graphic-option L.CD display with repre- 
sentation as Smith diagram 


The signal frequency which is anyway 
present in the CMOS level is divided 
down using a fixed divider and counted 
by the micro-controller. 


The reactive impedances can then be 
converted into inductances or capaci- 
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tances. 


The micro-controller supplies control 
signals for an automatic aerial tuner 


The last concept, in particular. is fasci- 
nating, since the aerial tuners present in 
amateur transceivers, or externally, can 
function well only if hardly any tuning 
is actually necessary. They are still a 
long way from what can be bought 
second-hand from Marconi or Rockwell- 
Collins. 


4.5. Power supply 


The measurement electronics require 
two stable distribution voltages of 4 5 
V. the power consumption on the posi- 
tive side being much higher. Initially, 
we thought of two accumulators and two 
fixed voltage controllers, but then it 
would have been necessary to monitor 
the charging condition of two accumula- 
tors. The alkali/manganese batteries al- 
ready occasionally used are more advan- 
tageous, for they have a_ long-term 
storage capability and an energy content 
which is about three times as big as that 
of an NiMH accumulator column. 
Against that, the voltage drops upon 
discharge to around half the rated 
voltage. Thus to utilise the battery 
capacity only a switching controller 
power supply with a wide input voltage 
range is advantageous. 


In the present case, a 9-V power unit is 
sufficient in terms of capacitance, even 
if this type of battery, in contrast to, for 
example, DIN 40863 round cells, is not 
optimised for high loads. Now things get 
difficult. The initial voltage of the 


“ 
i 
batteries is far above the output voltage, 


while the end voltage of the batteries is 
a little below it! 


This is not a problem with a converter 
transformer, but the expense still scares 
people off. Enlightenment came from 
some pages in the 1996 Data Book of 
Linear Technology [4]. There we find a 
smart transformer circuit called a Sepic 
transformer, which can transform= up- 
wards and downwards and, in addition, 
needs only a bi-filiar wound storage 
choke and an AC voltage fixed electro- 
lytic capacitor. So, in brief, a test circuit 
was soldered together with a standard IC 
for upwards transformers (LT 1172 from 
Linear Technology) and things went 
well over an input voltage range from 3 
to 20 V. Above that, things became 
critical for the integrated power transis- 
tor and the output-side Schottky diode 
from the point of view of voltage. With 
the help of an auxiliary turn and a linear 
secondary controller, even the negative 
supply can be obtained. Fig. 5 shows the 
result. This is virtually the cheapest way 
to do it. 


But there still remained one standard 
problem for all battery-driven equip- 
ment. It is put away switched on and 
forgotten. Then one can only hoped that 
the battery really is leak proof and will 
not pour its electrolyte contents into the 
equipment. But something could be 
done here using the stand-by mode of 
the LT 1172. If pin 2 is earthed at low 
impedance, the switching controller goes 
into stand-by and needs 50 tA max.! A 
timer, triggered by pressing a_ key, 
switches the equipment off after a short 
time, but an LMC 555 (CMOS version 
of the NE 555) needs about 200 uA, far 
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Fig. 5: Current Supply with Switch-On Control 


Ruhestrom = Open-circuit current, Betriebsstrom = Operating current, Betrag 
Spannung = Voltage level, Einschalttoggle = Switch-on toggle, Ein-Taste = On 
key, Speicherdrossel = Storage choke, Kern = Core, Liegend = Horizontal, 
Luftspalt = Air gap, Durchgehend = Continuous 


too much. 


After one day, the timer circuit shown in 
Fig. 4 came about, with two BF 254 As. 
The key (the break contact!) starts the 
transformer IC. The negative voltage 
blocks the upper FET through the R 66 
time function element, C 24, for ap- 
proximately 10 seconds. Then the trans- 
former switches off again. The lower 
FET triggers switching on if high fre- 
quency is applied. If the voltage of the 
voltage rectifier is sufficient to block the 
FET (app. 1 V on the BF 245 A), then 
the equipment switches on and remains 
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on as long as the high frequency is 
present, but for a minimum of 10 
seconds, Now only continuous high 
frequency or a mechanically blocked 
key can suck the battery dry. In intermit- 
tent drive (10 minutes continuous trans- 
mission, 10 minutes pause), a measure- 
ment time of 70 minutes was obtained 
anyway, which should be sufficient for a 
field day season. 


Naturally, there is no obstacle to an 
external power source at 4 to 16 V 
either. However, since the transformer 
power supply has no voltage isolation, 
caution is advised so as to avoid 
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short-circuits through the coax cable 
external conductor. With external power 
supplies, in particular, the battery must 
be powered in a practical way. 


S 
INSTEAD OF ASSEMBLY 
INSTRUCTIONS 


From discussing the matter with a few 
radio amateurs, we found that literally 
each one of them would have preferred 
a slightly different solution. For this 
reason, the author does not want to try 
to lay down full assembly instructions, 
but rather to stimulate people to produce 
their own custom-built solutions using 
the components described above, in 
several assembly stages. Since the cir- 
cuit contains some SMD components, it 
can anyway be recommended only for 
experienced solderers! 


Assembly stage 1: Reading measure- 
ment and cross-pointer instrument 


Anyone who has had the opportunity to 
inspect old medium-wave transmitters 
will have been struck by the large 
Buschbeck-type cross-pointer wattmeters 
in the control panels. Anyone who has a 
sensitive cross-pointer instrument avail- 
able can just assemble the reading 
measurement system as per Fig. 2, with 
voltage and current transformers and the 
two rectifiers, for some first trial steps. 
You will then have a combination of 
relative output display and impedance 
level display. As long as the voltage and 


Sa 
current readings are the same, the two 
pointers will form an cquilateral trian- 
gle, which inclines to the left or right 
when impedance discrepancies occur. 


Assembly stage 2: Level measurement 


In Phase 2, the logarithmic apparatus 
and, if necessary, the level display, must 
be added. A sensitive measurement 
apparatus with the zero in the centre can 
be directly connected, with a matching 
voltage multiplier, to the output of the 
operational amplifier, J1. 


Assembly stage 3: Level and phase 
measurement 


For universal use, the circuit as per Fig. 
3 is fully assembled. Then any display 
instruments desired can be universally 
connected. If necessary, the wiring of 
the output operational amplifier (JS) can 
be modified. 


Supplement I: Luminous spot display 


For a compact apparatus, the luminous 
spot display module as per Fig. 4 is the 
optimal solution. A format of 1S0 x 75 
x 30 mm. can easily be realised using a 
two-level construction (display printed 
circuit board piggyback on the measure- 
ment printed circuit board). 


Supplement 2: Power supply 
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Fig. 6: Specimen Apparatus with LED Bar Display 


Supplement 2 involves a power supply 
using the Sepic transformer which is 
used for the battery operation of the 
apparatus. Anyone wanting only to carry 
out measurements at home can use any 
properly stabilised power supply which 
can supply = 5 V at max. 300 mA. 


Something else which could come into 
question is a micro-controlled evaluation 
circuit which, in addition to the level 
and phase display, can, for example, 
measure the power or count the trans- 
mission frequency, in order to convert 
reactive impedances into component val- 
ues. 
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6. 
BALANCING INSTRUC- 
TIONS 


For balancing and operational checks, in 
addition to a transceiver or a high-power 
signal generator, we necd a (good) 
50-Ohms loading resistor and an oscillo- 
scope. A power attenuator is also useful. 
You can construct a few test standards 
yourself at little expense: 


— BNC connectors with short cable 
ends (max. 2 to 3 cm.) have the 


following adapted test loads: 
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Fig. 7: View inside Specimen of Vectorial Aerial Impedance Meter for Short 


Wave 


> 


range limit 


—2 x | kOhm 0.6 W metal layer 
parallel, yields 500 Ohms for upper 


range limit 


— Capacitor with 320 pF (or standard 
value 330 pF) yields capacitive reac- 
tive impedance of 50 Ohms at 10 
MHz 


— Coil with 800 nH yields inductive 
reactive impedance of 50 Ohms at 10 
MHz 


The measurements are carried out with a 


2 x 10-Ohms 0.6 W metal layer 
parallel, yields 5 Ohms for lower 


power level of a few Watts. Those who 
have no faith in the behaviour of their 
transceivers in the event of mismatch 
should connect up a power attenuator to 
the output of the transceiver, so that | to 
2 Watts of power will come out. 


First, feed in approximately | W = and 
connect the load at the output. There 
will then be two voltages of about the 
same size to measure at the Current 
Level and Voltage Level measurement 
points (discrepancy < 10%), they being 
a little more than | V. This step 
indicates the functioning of the measure- 
ment transformer voltage and current, 
and any coil faults existing are discov- 
ered, 
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With an open output the current reading 
must drop to almost zero, while with a 
short-circuited output it will be the 
voltage reading! The first series of tests 
is completed by a test at the lower band 
limit (1.8 MHz) and the upper band 
limit (30 MHz). 


A tip: many multimeters, especially in 
the cheap range, indicate house numbers 
for measurements in high-frequency cir- 
cuits. If the results are not clear, first 
check the high-frequency operation of 
the multimeter. 


For the next steps, the Sepic transformer 
must be running, or else two laboratory 
mains supply circuits are used to gener- 
ate the + 5 V. There is nothing to 
balance in the transformer power supply, 
for if R 67 and R 68 in Fig. 4 are 
correctly chosen as 1% metal film 
resistors the 5-V supply is correct! 


Only the input voltage range can be 
tested. With a load amounting to 200 
mA at 5 V and 50 mA at SV, the 
voltages must be correct over an input 
voltage range of 3 to 20 V. If the 
transformer is not working properly, 
check whether the switch-on key is open 
and whether the windings in the storage 
choke are wrongly connected! 


In a third step, the operating points of 
the differential amplifier are adjusted 
with no RF present - using R 15 and R 
16 set the outputs between 1.8 and 2 V 
at the Voltage Phase and Current Phase 
measurement points. If high frequency is 
present, two square wave voltages with 
the input frequency, which are in phase 
opposition, are to be measured at the 
measurement points. If they are not in 
phase opposition, reverse the polarity of 
the secondary coil of the current trans- 


82 


VHF COMMUNICATIONS 2/2000 


former. If the voltages are not square 
wave, there is probably a problem with 
the oscilloscope. It should have a band 
width amounting to 100 MHz, and the 
probes must have very short connections 
to the assembly (I < 2 cm.), especially 
the earth line! The two phase trimmers 
remain turned right down (minimum 
capacity!). 


The fourth step sets the measurement 
range of the level and phase displays. 10 
MHz and | to 3 Watts are again used 
for the test signal. 


With R43 in Fig. 2, we bring the 
luminous spot indicating the level with a 
50-Ohm dummy load to the centre of 
the scale. With R 48, we set the 
maximum amplitude in such a way that 
for a test resistance of 5 Ohms the 
left-hand scale end is reached, while the 
right-hand scale end is reached with 500 
Ohms. The two balancing points are 
interdependent. so several passes are 
needed. 


The same steps are taken for the phase 
channel with R 50 (scale centre) and R 
55 (full scale deflection), but the coil 
and the capacitor act as the test stand- 
ard. 


Finally, the phase compensation is set: 
dummy load at output, test signal 30 
MHz or (if possible) 54 MHz. The 
phase display will no longer be in the 
centre here. By experimentally turning 
in the trimmer capacitors in the differen- 
tial amplifiers, the phase display is 
centred. If a trimmer is operating in the 
wrong direction, it comes back to the 
minimum position and we go to the 
other trimmer. 


This completes the balancing. It is 
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recommended that you test the function- 
ing again at regular intervals. 


If we now connect up the switch-on key, 
the equipment must switch on when 
there is high frequency present and 
switch off when the high frequency 
switches off, or after 10 seconds. If the 
switch-on control is not working, it can 
be guaranteed that this will be due to an 
unsuitable BF 245. You must use a BF 
245A! 


ay 
TRUTHS AND RUMOURS 
ABOUT AERIALS 


There is scarcely any area in electrical 
engineering (with the possible exception 
of the Hi Fi high-end people) which is 
so alive with assumptions and rumours 
as aerial engineering. Thus, for example. 
a poor VSWR is made responsible for 
standing waves and TVI, and new 
miracle aerials regularly draw attention 
to themselves. 


In order to interpret the measurement 
values of the aerial impedance meter 
correctly, a little theoretical background 
is necessary. For this reason, we should 
concern ourselves for a moment with the 
objectives of aerial optimisation. Instead 
of making a stab in the dark, it is 
recommended that, intellectually at least, 
you move forward in several steps, 
which have nothing to do with one 
another, but which are regularly mixed 


up: 


a) Adjust current distribution on the 
aerial conductor which is suitable for the 


cs 


radiation 


b) Compensate for the reactive imped- 
ance of the input resistance at the feed 
point 


c) Transformation of the now real input 
resistance to the characteristic imped- 
ance 


d) Balancing transformation for sym- 
metrical coaxially powered aerials 


7.1. The radiator element, less 
critical than people think 


Despite some peoples views to the 
contrary, the length of the radiator 
element makes little difference, provided 
it is under 5/8 of the wavelength for a 
monopole or under one wavelength for a 
dipole. Thus a shortened dipole (Hertz- 
ian dipole) supplies only about 0.4 dB 
less gain, as against the half-wave 
dipole, and the full-wave dipole just 
supplies a gain of exactly 1.7 dB. 


For aerial lengths in this range, one 
current distribution automatically sug- 
gests itself which generates a beautiful, 
dipole-like directional diagram in the 
well-known cight form. For a 5/8 
lambda acrial, we also see the first side 
lobes in the diagram. Longer radiator 
elements display very fanned-out dia- 
grams which are of little use in practice. 
This is due to the fact that the current 
fractions in phase opposition on the 
aerial conductor generate fields in sev- 
eral directions in space, which compen- 
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Fig. 8: Impedance Diagram of Dipole 


Blindanteil = Reactive component, Dipollinge oder Frequenz = Dipole length or 
frequency, Serienkondensator = Series capacitor, Serienspiile = Series coil, 
Halbwellendipol = Half-wave dipole, Ganzwellen-dipol = Full wave dipole, 


Wirkanteil = Effective component 


sate for each other. One remedy is to 
build in phasing lines for phase balanc- 
ing, which is known about from stacked 
radiator elements. Another method re- 
duces the destructive interference of the 
partial currents by avoiding the reflec- 
tion of the waves running along the 
aerial conductor at the end of the wire. 
We find this on aerials with moving 
loads such as Beverage aerials, rhombic 
aeriales or attenuated broad-band di- 
poles. 


The reason why half-wave dipoles or 
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quarter-wave monopoles are so popular 
lies elsewhere. They have a real input 
resistance of approximately 70 Ohms for 
a half-wave dipole and 500 to 1,000 
Ohms for a full-wavye dipole. Short 
dipoles have a capacitive reactive com- 
ponent and a low effective resistance, 
while a dipole length between a half and 
a complete wavelength has an inductive 
reactive impedance. For lengths exceed- 
ing lambda, the reactive impedance 
again becomes capacitive. 


Fig. 8 gives a simplified version of the 
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typical loop curve of the dipole input 
impedance. The active component. is 
plotted towards the right and the reac- 
tive impedance towards the top. In order 
to arrive at the real axis, for short 
dipoles an inductance (extension coil) 
with a positive reactive impedance must 
be wired up in series. For a dipole 
length of more than lambda/2, a capaci- 
tor (shortening capacitor) with a nega- 
tive reactive impedance should be wired 
up in series. If the aerial is longer than 
lambda, then a coil is required at the 
power supply point again, as we know 
from the base coil of the 5/8 lambda 
aerial. 


The same considerations also apply to 
monopole aerials (rod aerials) over an 
earth which conducts well. 


7.2. Impedance transformation 


If a real aerial input resistance has been 
attained, then it should be transformed 
into a common cable characteristic im- 
pedance (50 or 75 Ohms). ‘True, every- 
thing can be tuned using a reactance 
transformation (variable disc capacitor 
and rolling coil or Pi filter), but the 
higher the transformation ratio the nar- 
rower the band is, and the more reactive 
components are involved. This is also 
the reason why broad-band high-level 
stages can scarcely be constructed with 
valves. The only solution, the cascade 
amplifier, has to be ruled out for 
amateur applications, but power levels 
of a few kilowatts above a frequency 
range of 100 Hz to 200 MHz can be 
achieved with it! 


Broad-band transformers can be created 


oe 
for frequency ratios of 1: 10 or more, 
provided we are working in the resist- 
ance range of 5 to S00 Ohms. At very 
low resistances, the stray inductance 
interferes, and at very high resistances 
the stray capacity does. 


Even greater band widths can be 
achicved using line transformers, but 
this commits us to whole-number turn 
ratios and thus to resistance transforma- 
tions of 1, 4, 9, 16, ete.. 


7.3. The balun, the unknown 
component 


The final part of the task is balancing 
the circuits, ice. the transition from the 
coax cable onto a symmetrical dipole. 
This procedure, simple in itself, is an 
ideal breeding ground for seductive 
half-truths and beliefs arrived at from 
reading tea leaves. 


Some people essentially consider bal- 
ancing network as superfluous and sim- 
ply clamp coax cores and casings to the 
dipole. This even frequently works with- 
out any relatively large amount of high 
frequency being carried into the house. 
The deformed directional diagrams are 
in any case not checked. 


Others curse baluns and Guanella trans- 
formers because they so often go wrong. 
However, they are usually overloaded. 


A third group believes only in specified, 
well marketed miracle brands of balanc- 
ing circuits. 


So lets shed some light on the darkness. 
The balancing network has two func- 
tions, namely to prevent high-frequency 
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Fig. 9a: Cable Choke and Guanella 
Transformer 


Fig. 9b: Trifilar Balun 


Symmetrisch = Symmetrical, 
Ruthroff-Trafo = Ruthroff trans- 
former, Trifiliar-Balun = Trifilar 
balun, Ersatzschaltung = Alternate 
circuit, Gegen Koax-Kabelelemente 
erdsymmetrische Stérungsquelle = 
Voltage sources balanced to coax 
cable, Guanella-Trafo (Kabeldrossel) 
= Guanella transformer (cable choke), 
Erdfreie Spannungsquelle = 
Earth-free voltage source 


flux on the external conductor of the 
coax cable and simultaneously to drive 
the aerial with balanced voltage or with 
balanced current. It is the last point 
where the fine difference resides. People 
tend to overlook this, for the normal 
baluns or cable chokes fulfil only one of 
the two functions. 
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An ideal dipole is a balanced formation. 
Here any balancing circuit brings the 
desired success. We are most likely to 
find this condition in multi-element 
Yagis in the VHF/UHF range or in 
larger shortwave beams, if they are 
mounted at a distance of several wave- 
lengths from interfering ambient compo- 
nents. In addition, a definite earth 
reference point exists here, in the form 
of the boom in the plane of symmetry of 
the aerial. 


With dipoles for lower frequencies, one 
is frequently not in a position to 
maintain sufficient distance from struc- 
tures, trees, power lines or other aerials. 
The two dipole branches then have 
different stray capacitances to earth. 


The cable choke or Guanella  trans- 
former as per Fig. 9a suppresses high- 
frequency current conduction on the 
cable casing through its direct cycle 
inductance, while the useful load flow- 
ing in the cable is unaffected by it, for 
the fields of the internal and external 
conductor currents cancel each other out 
in the external direction. To put it 
another way, the casing of the coax 
cable is impenetrable for the useful load. 
Thus the power cable remains free of 
high frequency externally, provided it is 
fed away at right angles from the power 
feed point in the plane of symmetry of 
the dipole. 


The Guanella transformer ensures that 
the current being fed into the dipole is 
symmetrical. The Guanella transformer 
acts like an isolation transformer and 
simulates an earth-free voltage source at 
the power feed point. Due to ambient 
influences, asymmetrical voltages to 
earth build up easily on the aerial 
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halves, but this has little effect. 


There is one effect which even an ideal 
balun can not prevent the radiation 
effect of the feeder cable. If the field of 
the aerial is undisturbed, then a plane of 
symmetry of the fields, standing vertical 
to the dipole, exists at the power feed 
point. 


Provided the feeder cable is fed away 
vertical to the dipole in the plane of 
symmetry, it consumes no power from 
the high-frequency field of the aerial. 
Otherwise, there are electrical field 
components parallel to the cable, and 
magnetic field lines which intersect the 
cable. The cable acts as an aerial. 


In spite of correct balancing at the 
power feed point, high H-F voltages 
arise on the external conductor of the 
station-side cable end, especially if the 
power line has a length which is 
resonant for the operating frequency. A 
second cable choke, directly on the 
point where the cable enters the house. 
is of assistance here! 


Things are different for a standard 
trifilar balun as per Fig. 9b. It generates 
two voltages to its earth connection, in 
phase opposition, of exactly the same 
size. Lf the earth connection is linked via 
a Yagi at the power feed point to the 
boom, then the problem is solved here. 


But what about the earth connection for 
a freely suspended dipole? The only 
connection to earth is the external 
conductor of the coax cable. If the 
dipole is now unbalanced, as a result of 
the ambience, then the reactive currents 
flow to the earth connection of the balun 
and from there onto the external conduc- 
tor of the cable. 


ce 
In spite of the balun, we have standing 
waves on the cable and high-frequency 
irradiation onto other equipment in the 
house. Anyone who does not understand 
this merely comes to the conclusion that 
the balun has not achieved anything with 
regard to the TVI and the irradiation 
interference, so the balun is superfluous! 


A second cable choke, directly on the 
point where the cable enters the house, 
is of assistance here as well! 


There are even more subtle differences 
between the Guanella transformer / 
cable choke and the trifilar balun. With 
the Guanella transformer or the cable 
choke, the useful power runs inside the 
coax cable and thus does not load the 
transformer. The trifilar balun works 
more like a normal transformer, in 
which the entire power is carried over 
the windings and the core. Details 
regarding the dimensioning of broad- 
band transformers for tuning and balanc- 
ing can be found in [5]. 


With this knowledge, it is a simple 
matter to interpret the displays of the 
aerial impedance meter correctly. 


If we measure directly at the power feed 
point of an aerial, the reactive compo- 
nent is the indicator for the adjustment 
of the resonance length. 


If the half-wave dipole is too short, we 
measure a capacitive reactive compo- 
nent. If it is too long, we measure an 
inductive reactive component. 


If the reactive component, 0, of the 
active component is a long way from 50 
Ohms, then with Yagis this can be 
traced back to the influence of the 
parasitic elements. In general, the para- 
sitic elements reduce the input resist- 
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ance, so that now and again a loop 
dipole has just 50 to 60 Ohms. As can 
be seen from [2], it is scarcely possible 
to optimise the development objectives 
gain, good front-to-back ratio, band 
width and base impedance simultane- 
ously. If the base impedance can not be 
brought to a point close to 50 Ohms, 
then transformation circuits must be 
provided for at the power feed point. 


If we measure at the end of the feeder 
cable, then the aerial input resistance 
over the line is transformed. The reflec- 
tion factor level and thus the standing 
wave ratio are still maintained. Only the 
phase is rotated. With electrical line 
lengths of half a wavelength (the me- 
chanical length is reduced by the short- 
ening factor) the precise Aecrial base 
impedance is present at the start of the 
cable. For experiments, a half-wave feed 
is the solution. For a test on standing 
waves, i.c. inadequate balancing, the 
feeder cable should be coiled four. or 
five times through a large ferrite ring 
core and the result should be compared 
with the measurement without the ring 
core. If there has been no change in the 
impedance, the cable is largely free of 
standing waves. 
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TEFLON OR EPOXY BASE 


MATERIAL? 


Two identically constructed low-noise 
pre-amplifiers with source counter- 
coupling for 1,200 to 1,400 MHz in a 
comparison test. 


1. 
INTRODUCTION 


Ultra-low noise HEM'Ts have recently 
attained such low noise figures that the 
noise figure which is practically attain- 
able for frequencies of | to 2 GHz is 
clearly specified through the circuit loss 
of the input voltage. 


A type ATF 36077 transistor (HP) or 
even a type MGF 4919 (Mitsubishi) has 
a theoretical internal noise of 0.1 dB (< 
10 K) in this range. ‘Thus at room 
temperature and with low circuit losses 
(typically 10 - 20 K) at 23 cm., noise 
temperatures of 20 - 30 K (0.3 - 0.5 dB) 
are obtained with transistors of this type. 
The minimum noise figure here is 
determined by optimal matching of the 
transistor input (noise matching), in 
combination with the lowest input cir- 
cuit losses. The optimal generator im- 
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pedance is very high-ohmic in the 
frequency range selected (typically, 
Ropt = 91 Ohms, Xopt = j 350 Ohms), 
which means good broad-band input 
matching can be attained only with great 
difficulty. Moreover, these extremely 
low-noise transistors are not absolutely 
stable except from approximately 5 GHz 
upwards (K » 1), so that their use at low 
frequencies is always linked to a ten- 
dency to  self-excitation. Stability and 
noise matching over a wide frequency 
range with almost matched input ratios 
(good return loss) without the use of 
insulators sounds like a contradiction. 


The amplifiers presented here work by 
the method of inductive source counter- 
coupling, which was described by A.A- 
nastassius and M,Strutt in 1974 [1] and 
put into practise by Nevin and Wong [2] 
and by D.R,Williams, W.Lum and S.W- 
ienreb [3] in 1980. 


This type of circuit had already been 
investigated by the author at the begin- 
ning of the eighties, using GaAs-FETs 
of types MGF 1400 and CFY 13, 
successfully tested and described in a 
publication by G.Schwarzbeck [4]. A 
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to = om = UQe 


Fig. L: Influence of source inductance 
on input impedance 


further circuit description of this kind, 
using the ATF 10135 / 10136, can be 
found in [5]. 


An attempt is made below to clarify the 
effect of inductive source counter-cou- 
pling on two identically-constructed am- 
plifiers with modern semi-conductors. 
These were assembled using different 
base materials (Teflon and epoxy), so 


Fig. 2: 


m 
ca 
that the influence of the circuit quality 
on the noise figure and the amplification 
could be practically investigated simul- 
taneously. 


2. 

EFFECT OF INDUCTIVE 
SOURCE COUNTER- 
COUPLING 


This effect was already being investi- 
gated in low-noise triodes at the end of 
the forties [6], and this interest was 
transferred to GaAs-FETs in the seven- 
ties which, like the high-transconduct- 
ance triodes, required high-Ohmic gen- 
erator resistances for noise matching [7], 
[8], [9]. A precisely measured induct- 
ance is incorporated in the source-base 
circuit here, in series with the source 
connection. ‘This increases the real frac- 
tion of the input resistance almost 


Amplifier circuit without voltage supply 
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Fig. 3: Input impedance of FET 


independently of the frequency, because 
the input quality of the FET falls by an 
amount which depends on the gain of 
the transistor, the input capacitance and 
the level of additional source inductance 
(Fig. 1). 


The physical relationship of the noise 
parameters, in relation to the material, 
component size, voltage and current 
values, is rich in complexity and is 
comprehensively presented in [7]. 


In formal terms, the increase in the input 
resistance can be reduced to the follow- 
ing expression: 
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~ £ GHz 2.5 


Rzu = gm x L/C 


where 


Rzu = additional real fraction of input 
resistance through counter-coupling 


gm = transconductance in V/mA 
L = inductance in source feed in nH 


C = gate-source capacitance, pF 


Typical values for modern HEMTs: 
gm = 50-75 mAN 
C = 0.2-0.5 pF 
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For the noise matching of a type ATF 
36077 transistor at 1.3 GHz, we need an 
optimal generator resistance of Zopt — 
91 + j350 Ohms, which must be formed 
by loss-free transformation [14]. 


Counter-coupling in the source brings 
about real fraction transformation 
through the increasing of the input 
resistance by Rzu, in this case by 41 
Ohms. The imaginary fraction can then 
be matched by means of a simple series 
inductance in the gate connection, so 
that the entire transformation circuit 
consists of two inductances. 


An additional effect arising is that the 
input matching (return loss S11) is 
broad-band in this kind of transforma- 
tion, and also still displays decidedly 
good values. The increase in the real 
fraction in the input is almost independ- 
ent of the frequency, because the input 
capacitance changes only insignificantly, 
or C remains < gm. 


3. 
CIRCUIT ASSEMBLY 


Fig. 2 shows the amplifier circuit. The 
input has a high-pass filter with a 
limiting frequency of 550 MHz. The 
series inductance, LI, neutralises the 
internal capacitances and thus deter- 
mines the frequency at which the lowest 
noise figure is present. Through the 
input capacitance and the transistor 
gradient, the source inductance, L2, 
determines the size of the additional 
Ohmic resistance before the gate con- 
nection and thus makes broad-band 
noise matching possible. 


Ca 
The output has a 1:4 attenuator, this is 
broad band which matches the FET. The 
size of “5s capacitance makes it possi- 
ble to fine tune the output impedance to 
50 Ohms at the desired frequency. The 
amplifier circuit pictured corresponds to 
the circuit principle as per [3], and has 
been investigated using the well-known 
Puff sofiware, using not the S-param- 
eters but the output matching parameters 
for noise matching. 


This is because the cffect of source 
inductance cannot be simulated with the 
above-mentioned software, it only al- 
lows transformation using scatter param- 
elers. 


The noise matching is essentially deter- 
mined through the real fraction, so that 
the circuit can be laid out to optimise 
output matching and acquires the noise 
matching through the correctly measured 
source inductance. The optimal genera- 
tor resistance for the output matching is 
1.3 GHz at Zopt = 17 — j280 Ohms. Le. 
with a low-Ohmic real fraction, as 
shown in Fig. 3, based on the calculated 
input impedance of the transistor. 


For noise matching, the generator resist- 
ance must be at Zopt. = 91 + j350 
Ohms, ic. with a high-Ohmic_ real 
fraction. 


Fig. 4 shows the graph for the reflection 
factor, opt., for Uds = 1.5 Volts and Id 
= 10 mA, in accordance with the 
technical data of HEMT ATF 36077 
from Hewlett-Packard [14]. 


Therefore, for output matching the real 
fraction in relation to 50 Ohms must be 
transformed downwards, whilst it must 
be increased for noise matching. The 
imaginary fractions for both types of 


93 


4 


F2 : PLOT sn 
Points 580 
jenn vadius 1.6 

f 1.2946 GHz 
“8.6368 15.77 


Fi : LAYOUT 


98.731 2 
339.463 0 
41. sil A 


F3 : PARTS 
dev F36877N 2.5mm 


SQ eTPadcers 


+ BOARD = 
zd 658.086 ~~ 
fa 1.296 GHz 


er 2.338 

h 6.796 mm 
s 54.604 mm 
c 4 ee nm 


aT eb a AUNTS amen aa Sa ZS 


Fig. 4: Optimal generator resistance for noise matching 
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matching are not far apart. It is thus — empirically determined in order to arrive 


obvious to lay out the circuit in the at the necessary broad-band 
simulation initially in the input matching — matching. 

direction. The actual sizes of the source 

inductance and the series inductance are 
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Fig. 8a: Simulation of amplifier circuit on Teflon material 


4, 
SIMULATION RESULTS 
WITH PUFF 


4.1. 
filter 


Input circuit with high-pass 


The high-pass filter is initially devel- 
oped in the input circuit. Its reciprocal 
frequency lies at 550 MHz and the 
impedance level is at 50 Ohms. Fig. 5 
shows the simulated filter on epoxy 
material (FR4). It is relatively loss-free 
and is intended to reduce the strong 
signals below 500 MHz. The induct- 
ances, L2 and L3, of approximately 16 
nH, are formed by two striplines with Z, 
= 100 Ohms. In combination with the 
series inductance, 1], in the input, this 
gives a quasi-matched procedure for a 
value of 20 to 25 nH. 


Quasi-matched because the influence of 
the source inductance and the connec- 


96 


tion inductances on the FET is not yet 
being taken into consideration here. This 
means that the circuits real and imagi- 
nary fractions are still too small. 


4.2. Source counter-coupling 


The designing of the source inductance 
is of decisive importance for the func- 
tioning of this type of circuit. By using 
Puff, a size estimate can be obtained for 
the realisation of an inductance of 
approximately 0.7 nH. The source con- 
nections are formed using stepped, short 
microstrip lines, and one side is earthed 
through a 0-Ohm or 1-Ohm chip resist- 
ance, 


Fig. 6 shows the result, in which the 
required circuit lengths and wave resist- 
ances are specified. The calculated 
lengths must be increased by approxi- 
mately 10% in the actual layout, so that 
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Fig. 9: Layout of amplifier circuit with components 


Printed circuit board 54 x 35 mm, Teflon substrate 0.79 mm 
L3 = 2 oH - 3 turns, 0.3 mm CuAg, 2 mm Diameter, 2 mm long, 1.5 mm leads 
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Fig. 10: Layouts for the two materials, 
RT-duroid and epoxy-FR4 


the dispersion at the transition from Z = 
120 Ohms to Z = 0 Ohms (KS) is 
balanced out. This is then brought about 
by the unshortened source connections. 


4.3. Output circuit 


The source inductance leads to a change 
in the generator resistance of the FET in 
the drain circuit. In accordance with the 
scatter parameter, S22, the output resist- 
ance is approximately Zout = 150 j80 
Ohms for 1,300 Mliz. The additional 
source inductance alters the value to 
approximately Zout = 100 j190 Ohms, 
because it brings about a reduction in 
the series output capacitance from ap- 
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proximately 1.5 pF to 0.6 pF, with a 
reduction in the effective resistance from 
150 to 100 Ohms. This change is 
strongly dependent on the size of the 
source inductance. Fig. 7 shows this 
change in the results window, 


4.4. Total circuit 


Figs. 8a and 8b’show the simulations of 
the developed circuits for Teflon and 
epoxy base materials. The amplification 
expected is 18 dB and the return loss in 
the output approximately 17 dB. A 
comparison of the two simulation results 
leads one to believe that the epoxy 
layout is rather more broad-band, due to 
the greater dielectric losses (tan is 
greater by a factor of 10) Le. the 
attenuation is somewhat reduced, but 
then the return loss is better. 


The input matching, which is simulated 
here, can not correspond to the actual 
situation, because the influence of the 
counter-coupling inductance can not be 
represented using Puff. So here we must 
fall back on other software products, 
e.g. Pspice 9.0.. 


Fig. 9 now shows an enlarged layout 
assembly for the Teflon version. Fig. 10 
shows the layouts for RT duroid and 
FR 4. 


The amplifier needs a current supply to 
operate which generates max. + 3 Volts 
drain-source voltage and 3 Volts gate- 
source voltage. A corresponding current 
supply is described, for example, in 


[12]. 
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Fig. 11: Measured noise figure and amplification of Teflon assembly 
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Fig. 12: Measured noise figure and amplification of epoxy assembly 
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Fig. 13: Comparison of return loss levels obtained in input 
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Fig. 15: 1.3 GHz amplifier according to DB6NT 


Verstarkung = Amplification, Rauschzahl = Noise figure 


5. 
READINGS 


In electronics development, the circuit 
simulation is the basis for short develop- 
ment times and also, with high-end 
software, a guarantee of a_ believable 
verification of the switching function. 


Even if nowadays it is scarcely neces- 
sary to manufacture expensive proto- 
types, metrological investigation of what 
is initially only a simulated circuit still 
remains the touchstone for the success 
of the design. 


Here it is now definitively clear whether 
what we have simulated also coincides 
with reality, for the well-known Mur- 


phys law tells us that the slightest 
alteration can be the trigger for big 
changes. 


Fig. 11 plots the noise figure and the 
amplification against the frequency for 
the amplifier on the Teflon base material 
(Rogers 0.79 mm.) and Fig. 12 shows 
the measured results for the same ampli- 
fier on epoxy material (FR4 1.5 mm.). 


The measurements were carried out 
using an automatic noise test rig (HP 
8970) and a noise source with a high 
return loss (HP 346A, 5 dB ENR), The 
accuracy of measurement of this layout 
is + 0.15 dB for the values measured. 


The noise values for the circuit assem- 
bled on Teflon are 0.3 dB lower than 
those for the epoxy assembly. The 
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oe 

amplification obtained is slightly greater 
but, as expected, 3 dB lower than that in 
the Puff simulation, which was laid out 
for line adaptation. 


Fig. 13 plots the return loss values 
actually obtained with the measuring 
bridge in accordance with DJ7VY in the 
amplifier input, and Fig. 14 shows the 
return loss in the output. The return loss 
in the input corresponds entirely to the 
values to be expected between 6 and 8 
dB. The return loss obtained in the 
output is rather lower than previously 
simulated. But it still lies in the accept- 
able range of from 10 to 14 dB for the 
assembly based on Teflon material, or 8 
to 10 dB for the layout on the FR4 
substrate. The capacitor, C5, in the 
output for fine tuning is omitted here, in 
order to test the broad-bandedness of the 
1:4 transformation. 


6. 
SUMMARY 


Two amplifiers with source counter- 
coupling were assembled on different 
base materials. These were metrologi- 
cally investigated, with regard to the 
attainable noise figure, the amplification 
and the return loss in the input and 
output. 


If we compare the measurement results 
in this frequency range with other 
commercially available amplifiers, the 
Teflon-based assembly with its 0.6 dB 
noise figure is in the upper range. The 
assembly on epoxy material is more 
likely to be found in the lower range of 
the GaAs-FET amplifier. The reference 
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values used here were those determined 
in the so-called noise figure contests 
[15]. 


In total, the author assembled and 
practically investigated six counter-cou- 
pled amplifiers with two different FETs, 
ATF 36077 and MGF 4919. The no- 
tune amplifier for 1.3 GHz developed by 
DB6NT [13] was used as the reference 
amplifier for evaluating the readings, 
and was specified as having a noise 
figure of typically = 0.7 dB. The values 
for the noise figure and the amplifica- 
tion of this assembly measured using the 
above-mentioned test rig can be seen in 
Fig. 15. 

The question still has to be clarified why 
the theoretical noise figure of 0.3 dB 
was missed by three-tenths or 100%. 


For one thing, the quality of the input 
matching circuit is an essential factor for 
the attainable noise figure, with the 
relationship between the basic Q and the 
loaded quality giving the deflection. 


The source counter-coupling determines 
the loaded quality by means of an 
increase in the effective series resistance 
in the input. The microstrip lines, with a 
discrete inductance, L3, including the 
source connection, are responsible for 
the basic Q. 


With the epoxy assembly, as one might 
accept, the basic Q of the input circuit is 
already rather lower than that for the 
Teflon assembly, which leads in this 
case to a noise figure which is 0.3 dB 
higher. As regards the Teflon assembly, 
it remains to be stated that here too the 
circuits basic Q e.g. through inherent 
losses and radiation losses is still rather 
too low. 
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A further point is the tolerance of the 
measurement set-up. The measurement 
tolerance of + 0.15 dB gives a range of 
0.45 dB to 0.75 dB for a reading of 0.6 
dB. 


If we deduct an attenuation of approxi- 
mately 0.1 dB as the transmission loss 
of the high-pass, then the actual noise 
figure of the test object is in the range 
between 0.35 and 0.65 dB. 


If pre-amplifiers are used, in radio 
astronomy or in EME installations, only 
an assembly which operates with the 
lowest losses in the input is tolerable 
e.g. with cavity resonators. For other 
applications, though, good return loss in 
the input and good stability should 
always be preferred for a noise figure 
one or two tenths of a decibel better. 
There is a very good description in [11] 
of how the unavoidable mismatching 
loss on the aerial impedance leads to an 
increase in the system noise figure. 


To sum up, we can say that an assembly 
on epoxy material, in spite of the 
noticeably lower basic Q due to the use 
of almost noiseless semi-conductors, can 
lead to amplifier noise figures of up to 
0.8 dB. A few years ago, this was 
restricted to only special assemblies. 


The low-loss amateur assemblies (e.g. 
with cavity input) in the L-band nowa- 
days demonstrably attain noise figures 
of 0.3 0.4 dB [15]. 
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THE 1/Q MODULATOR 


DESCRIBED 


Digitalised image and sound signals 
have become an everyday occurence 
in the last decade. Polished algorithms 
for data reduction make it possible to 
transfer more and more information 
in a restricted frequency band, with 
or without a wire. Many digital 
modulation processes require a so- 
called 1/Q modulator as key clement. 
What this element does is to control a 
carrier frequency as regards phase 
and, if necessary, amplitude, with 
each carrier condition or each condi- 
tion change represented by a_ bit 
sequence. 


1. 
PRELIMINARY REMARKS 


In principle, the YQ modulator is fully 
digitalisable. Its output signal can be 
predicted, depending on the data to be 
transferred, and can be generated 
through D/A conversion, Its all a ques- 
tion of technology. 


However, the I/Q modulator presented 
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here stems from a time in which 
components were still wired. It operates 
as an analogue or a linear unit. The 
circuit, laid out using purely passive 
techniques, allows for an insight into 
what is going on. Various applications 
are discussed, starting from a_ basic 
circuit (Fig. 1), which can be easily built 
on the board shown in Figs. 2 and 3. 


a 
FROM DSB MODULATOR 
TO /Q MODULATOR 


By multiplying an oscillator signal (fre- 
quency: fo) with a modulation signal 
(frequency: fm), we obtain two new 
signals with the frequencies fo - fm and 


fo + fm. If a complete base band signal 


is multiplied by an oscillator signal - the 
modulation process two side bands are 
obtained (hence DSB, for double side 
band). If a DC voltage is applied to the 
multiplier, this means that the carrier 
(otherwise suppressed) appears in the 
spectrum. 
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ao 
In practise, multiplication is often car- 
ried out with the help of an electronic 
commutator switch (e.g. a diode ring 
mixer). The polarity of the modulation 
signal thus changes within the oscillator 
frequency cycle. Additional products are 
generated by means of this process, as 
well as the modulation products referred 
to above. They are grouped around the 
odd-numbered harmonics of the oscilla- 
tor frequency and must be eliminated 
through filtration. 


In comparison to the base band, the 
DSB signal takes up double the band 
width. But since frequencies are always 
scarce, it would be nice if we could 
double the use of the doubled band 
width, [t is actually possible to separate 
two DSB signals again on the reception 
side, insofar as they have been gener- 
ated with the same oscillator frequency 
and with a defined oscillator phase. In 
the ideal case, this gives us two trans- 
mission channels independent of each 
other. 


From the mathematical point of view, 
the 1/Q modulator consists of two 
multipliers which contain the modulation 
signals (A(t) and O(t)). There is 90° 
difference between the oscillator signals. 
By convention the leading oscillator 
signal is applied to the multiplier in the 
QO path. If we look at the / oscillator 
signal as a reference, then the OQ 
oscillator signal is displaced by a quar- 
ter-period to the left on the time axis, In 
the vector representation, is rotated 90° 
anti-clockwise 


The output signals from the multipliers 
are added and then transmitted. Fig. 4 
shows the interaction of modulator and 
demodulator, on the assumption that the 


108 


VHF COMMUNICATIONS 2/2000 


multipliers have orthogonal phases in 
the / and Q channels, and that the 
transmission signal causes no signal 
delay (direct connection). It can be seen 
from the drawing that if the receiver 
oscillator is running synchronously with 
the transmitter oscillator (¢ = 0), we get 
back (t) and Q(t) through synchronous 
rectification and subsequent low-pass 
filtration (provided with a system-de- 
pendent proportionality factor). 


There are four conditions allogether free 
from cross-talk, namely @ = 0°, 90°, 
180° and 270°. So at the demodulator 
outputs there is either the original, a 
transposition with / inversion, a two- 
sided inversion, or a transposition with 
Q inversion. Mind you, the phase posi- 
tion must be kept to very precisely with 
respect to channel separation (e.g. = 1° 
already causes a 35 dB cross-talk). 
Moreover, any deviation from the re- 
quired orthogonality brings problems 
with it. Modulator errors and demodula- 
tor errors can compensate for each other 
or be cumulative, which makes this area 
very undefined. If we assume that we 
have an orthogonal demodulator, a 1° 
modulator error causes a channel cross- 
talk of 35 to 41 dB. 


3. 
COMPLEX MODULATION 


We are now making the assumption that 
the two modulation signals, At) and 
O(t), receive discrete amplitudes (7 
different values, multi-valent data trans- 
fer), and that the change from one value 
to the other takes place at fixed times. It 
is best if we represent this in vector 
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Fig. 2: Layout 
of /Q 
modulator 
expcrimental 
printed circuit 
board 


Fig. 3: 
Component 
plan of 
experimental 
printed circuit 
board 


Summenausgang -Eingang Q-Eingang Oszillator 


Summenaus- 
gang = Total 
output, 
I1-Eingang = I 
input, 
Q-Eingang = 
Q input, 
Ozillator = 
Oscillator 
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Fig. 4: Interaction of [/Q modulator and I/Q demodulator 


terms. The / signal is plotted on the x 
axis and the Q signal on the y axis. Hach 
!-O combination corresponds to a read- 
ing with a defined amplitude and phase 
(an oscilloscope can make that very 
clear in x-y representation). 


One known representative of the com- 
plex modulation procedures is, for ex- 
ample, QAM (quadrature amplitude 
modulation). QAM is distinguished by 
equidistant amplitude values in the / and 
Q channels. All possible pairings are 
also allowed. With four different values 
per channel (e.g. | V, - 0.33 V, + 0.33 
V, + 1 V), we have 16-QAM, for there 
are 16 different combinations. 


Also frequently encountered is PSK 
(phase shift keying). PSK sets the 
amplitude values in the / and Q channels 
in such a way that the total vectors 
always lie on a circle. With five 
different values per channel (e.g. | V, - 


110 


0.71 V, 0 V, + 0.71 V, + 1 V), we are 
dealing with 8-PSK, for we can then 
represent eight phase-differentiated read- 
ings with the same length (only speci- 
fied -+Q combinations are permitted 
here). 


If any reading (Zs = /(t) + jO(t)) is sent 
over the transmission system, in accord- 
ance with Fig. 4, the corresponding 
combination of the demodulator outputs 
gives 


ZE = kZse7¢ 


In plain English, the reading received 
corresponds to the reading transmitted, 
but its phase angle is rotated through o 
in a clockwise direction. [f ¢ is suffi- 
ciently stable, the information transmis- 
sion could take place in such a form that 
readings following each other in a 
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temporal sequence were compared with 
one another. It is advantageous if the 
carrier recovery circuit provides for $ = 
0°, 90°, 180° or 270° (a Costas loop can 
do this), for then the amplitudes at the 
demodulator outputs take on only the 
pre-specified discrete values (no channel 
cross-talk), and can consequently be 
recognised using window comparator 
circuits without interference. It would be 
even better if there were only one 
scanning point, but the Costas loop does 
not cater for this. The uncertainty 
remains as to which quadrant we are in. 
Codewords can be agreed, or the differ- 
ence can be evaluated for phase angles 
following one another. 


Understandably, people try to transmit 
as much information as possible per unit 
of time. The finer the /Q amplitude 
sub-division is, the more data can be 
transmitted for a given bandwidth. But 
then a good signal/noise ratio is re- 
quired, with linear behaviour from the 
components taking part in the transmis- 
sion. We can allow ourselves 64-QAM 
in the cable television systems. In 
satellite technology, we do not wish to 
differentiate amplitudes from one an- 
other. We rely on robust 4-QAM = 
4-PSK, through which we can obtain a 
high degree of efficiency for the trans- 
mitter high-level stage (constant level 
control). 


4. 
AN I/Q MODULATOR IN A 
PRACTICAL FORMAT 


Following this theoretical introduction, 
let us now consider an 1/Q modulator in 


o 
practise. The circuit can easily be fitted 
onto half a European standard size pe 
board. This is certainly very large by 
todays industrial standards, but against 
this we can get by with standard 
commercial components. Fig. 2 shows 
the layout (solder side) and Fig. 3 the 
components plan for the 1/Q modulator 
experimental printed circuit board. The 
top face of the 1.5-mm. epoxy printed 
circuit board is not etched so that all 
earth connections can be through-hole 
plated. The remaining bores are counter- 
sunk, BNC angle sockets form the 
interfaces to the outside world. 


The heart of the circuit consists of two 
7-dBm Schottky diode ring mixers 
(RM1, RM2). It is important that all 
mixer connections are accessible and not 
connected to earth at the manufacturing 
stage. Each mixer port is separated from 
the external inputs and outputs by means 
of additional attenuation. ‘The system 
characteristic impedance is 75 Ohms. 


The oscillator frequency should lie in 
the range between 35 and 40 MHz. An 
external generator supplies the oscillator 
signal (13 dBm). A 3-dB attenuator (27, 
R8, R9) is followed by a 3-dB 90° 
distributor, de-coupled at the outputs, in 
a bridge circuit (R10, £1, Cl). One of 
the distributor outputs must be tapped 
off potential-free, which is provided for 
by the transformer integrated in RAV2. 
The ring mixers thus each have an 
oscillator level of 7 dBm (RM2 receives 
a signal running 90° ahead of RM1), so 
that they see a broad-band matching, 
and are de-coupled from one another. 


The reactive impedances of L1 and C1, 
together with the resistance RIO, must 
correspond to the system characteristic 
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impedance. Moreover, the source (oscil- 
lator) must be broad-band matched. 1 
takes the form of a balancable induct- 
ance (11 turns of enamelled copper wire 
on a 4-mm. rod, ferrite core). Cl should 
likewise be balancable, if applicable 
(trimmer). The criterion for the correct 
values of 1 and Cl is a sharp form of 
reflection attenuation at the distributor 
input at the desired oscillator frequency 
(Fig. 5), with the minimum being of no 
interest as an actual reading (because of 
the final directivity of the measurement 
system) but being of interest only for 
reasons of reproducibility. 


The mixers output signals are combined 
by a bridge circuit (R17, R18, R19), In 
this connection, an attenuation of 6 dB 
arises in each case. One of the coupler 
inputs must be switched potential-free, 
which is provided for by the transformer 
integrated into RM1. The condition for 
the de-coupling is that R17, R18 and 
R19 correspond to the system character- 
istic impedance, and in addition the sink 
(total output) must be broad-band 
matched, 


A stabilised DC circuit of approximately 
6 V is obtained from the voltage fed in 
from outside, using R20, D1 and C8. A 
DC voltage adjustable within a range of 
0 mV to + 20 mV is applied at the 
mixer inputs through the network con- 
sisting of Rl, R2, R3 and Pl (or R11, 
R12, R13 and P2). Pl and P2 take the 
form of 10-turn helical potentiometers. 
We can thus generate components of the 
carrier frequency orthogonal to one 
another at the total output, each with up 
to approximately 30 dBm. Without DC 
voltage compensation (0 mV at the 
mixer inputs), the carrier frequency 
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Diz Reflection 


Dororr 


Leg Mag 10.0 c3/ Ref 8.92 3B C7 


Center 38.988 MHz 


Fig. 5: Reflection attenuation at input 
of 3-dB 90° distributor 


Spar S$. 823 st? 


appears at the total output at approxi- 
mately 60 dBm, conditioned by the 
couplings and asymmetries of the mixer 
and the peripheral circuit. In accordance 
with the laws of vector addition. we can 
make the vector to disappear com- 
pletely, by a suitable adjustment of 71 
and P2 (more and more fascinating!). 


The modulation signals, (t) and Q(t), 
(up to approximately 10 MHz) find their 
way to the mixer inputs through 18-dB 
attenuators (R4, R5, R6 or R14, RIS, 
16). They are AC coupled through C3, 
C4 or C6, C7. The lower limiting 
frequency is approximately 20 kHz. If 
we now apply 2 Vss (sinusoidal) either 
to the / input or the Q input, we obtain 
two sidebands at the total output, each 
with approximately 20 dBm. 


If we feed the modulation signal to both 
inputs simultaneously, and if we use 
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Fig. 6: 1/Q modulator as [CPM-free image modulator 


orthogonal signals for this, then one 
sideband can be strongly attenuated 
(theoretically obliterated). The remain- 
ing sideband is increased by 6 dB. Since 
the circuit is passive, the process can 
also be reversed. A signal (/8) fed into 
the total output generates two orthogo- 
nal signals with fo - f§ at the / and O 
inputs (after subsequent low-pass filtra- 
tion). If fo > fS, then the Q signal will 
take precedence. If /S > fo, it is the other 
way round. Single-sideband technology 
has been making use of the options 
arising from this (including the combi- 


nation possibilities) for decades. 


As regards data transmission, since the 
modulator operates in a very linear 
manner, the / and QO modulation signals 
can be reliably divided into ten or more 
equal stages in the range between | V 
and + | V (whether we can also actually 
make use of this relatively fine quantisa- 
tion depends on other conditions see 
above). The filtration of the modulation 
signals required for band limitation can 
take place in the basis band, on the basis 
of the given linearity. Initially, no static 
voltages are transmitted (no DC cou- 
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pling). We shall come back to this. 
Parts list: 


1 x 27 Ohms, 1%, R8 

4x 75 Ohms, 1%, R1O, R17, RIB, R19 
4x 100 Ohms, 1%, R4, R6, R14, R16 
2 x 270 Ohms, 1%, RS, RIS 

1 x 330 Ohms, 5%, 1/3 W, R20 

2 x 390 Ohms, 1%, R7, RO 

4x 1.8 kOhms, 5%, R1, R2, R11, R12 
2x 7.5 kOhms, 5%, 23, R13 

2 x 2 kOhms, spindle trimmer, ?1, P2 
2 x HPF 505 (mini-circuits), RAZ], RAW 
Or similar, VHF mixer 

| x 56 pF (if applicable, trimmer), Cl 
6 x 100 nF, ceramic, C2 to C7 

| x 47 uF, electrolytic capacitor, C8 
1x 0.3 wH, 11 winding on 4-mm. core, 
LI 

Vogt kit with balancing core 


1 x ZPD 6V2, Zener diode, DI 


5: 
AN EXCURSION INTO 
VIDEO TECHNOLOGY 


Video signals can be converted into the 
intermediate-frequency plane with the 
1/Q modulator shown here. The follow- 
ing circuit change is required for nega- 
tive modulation (e.g. standard B/G). R3 
changes from 7.5 kOhms to 1.5 kOhms, 
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C3 and C4 remain short-circuited, R1 is 
removed, 


The 90° coupler (£1, Cl) is tuned to 
38.9 MHz. The video signal must be 
aquired at the black level (0 V). and 
comes to the / input. With Pl, the 
residual carrier can be set as desired, 
With a 10% residual carrier, the syn- 
chronous level at the total output is 
approximately 14 dBm. 


What are the Q channel and P2 for? 
Well, because of inter-carrier sound 
demodulation, the modulator may give 
off only a Mawless / signal. Any Q 
remains (and there are always some) 
cause a phase modulation of the image 
carrier. The 1‘{Q modulator compensates 
for this, by generating an inverse QO 
carrier (DC voltage at R22). 


Professional television test demodulators 
can measure the image carrier phase 
modification (ICPM). Fig. 6 shows the 
precision of measurement to be de- 
scribed as perfect . It should be pointed 
out that the tuning of the 90° coupler is 
not critical in this application case. The 
compensation is outstandingly tempera- 
ture-stable. We just have to pay careful 
attention to the DC voltages. 


6. 

SIMULATION OF A 
MULTI-VALENT DATA 
TRANSMISSION 


In this experiment. the / and Q channels 
are to be loaded with data. For simula- 
tion purposes. non-synchronous, stepped 
video signals are fed into the modulator 
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Fig. 7: Transmission curve and group delay of filter 


inputs (DC coupling). The stages corre- 
spond to the voltage values 0.3 V, 0 V, 
+ 0.14 V, + 0.28 V, + 0.42 V, + 0.56 V 
and + 0.7 V. Considered vectorially, this 
gives at least 49 possible combinations, 
of which only the first quadrant is 
completely occupied. 


The ['Q modulator is driven by DC 
coupling ie. C3, C4, C6 and C7 are 
short-circuited. An external voltage 
source is dispensed with (if the position 
of the zero point in the receiver were 
critical, a bipolar adjustable DC voltage 
would have to be fed to the mixers 
through R3 and R13). 


An advantageously priced residual side- 
band filter, with pre-amplification and 
post-amplification, forms the transmis- 
sion channel. [ts transmission curve 
(approximately 0.7 dBpp) and group 
delay (approximately 50 nspp) are 
logged in Fig. 7. So that the modulator 
signal matches into the filter, the oscilla- 
tor frequency is pushed into the centre 
of the band (here: 36.3 MHz). “1 and 
C1 are carefully balanced. 


Now we still need a suitable demodula- 
tor. The author used a circuit with the 
same structure as that in the modulator 
(Fig. 4 suggests this). The oscillator 
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signals for the modulator and demodula- 
tor came from the same source. One of 
the branches was phase-adjustable. using 
a variable-length line (a so-called trom- 
bone). 


The amplitude cycle of the total system 
consisting of the modulator, the filter 
and the demodulator was tested first 
(Fig. 8). The transmission curves /S —> 
/E and OS — QE are quasi-identical the 
(ransmission range goes up to approxi- 
mately 3.5 MHz. The cross-talk attenua- 
tion levels, /S + QE and OS — JF are 
extremely similar (more than 25 dB to 
approximately 3 MHz). 
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The demodulated signals can be looked 
at with the oscilloscope after low-pass 
filtration with fg ~ 20 MHz. Fig. 9 
shows both channels (the photo quality 
is unfortunately not optimal). The DC 
voltage values are correctly transmitted, 
ie. the black value remains at 0 V. 
However, the channel cross-talk expands 
the original clear contours. An x-y 
representation is very informative. Since 
the modulation signals, in terms of time, 
move over each other, new /-O combi- 
nations are arising all the time. Some of 
these random constellations are shown 
in Fig. 10. From the purely qualitative 
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Fig. 9: Oscilloscope trace of 
demodulated signals 


point of view, it can be stated that there 
should be no great difficulty in finding a 
reliable answer to the question of ex- 
actly what complex numerical value is 
being transmitted at any moment. 


De 
CONCLUSION 


The transmission of digital data in the 
high-frequency plane is a new challenge 
for high-frequency technology. The I/Q 
modulator often forms the interface 
between digital and analogue technol- 
ogy. This article is intended to awake an 
understanding of the problems involved 
and to provide stimulation for further 
observations and experiments. 
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LOGARITHMIC AMPLIFIER 
UP TO 500 MHZ WITH 


AD8307 


As a supplement to a good stock of 
measuring equipment, a logarithmic 
amplifier is described below with a 
useful dynamic range of 90 dB. Suit- 
able outputs are provided so that the 
reading can be displayed, for exam- 
ple, on an oscilloscope. The signal to 
be measured can likewise be fed out 
over the serial 3-conductor bus by 
means of an optional A/D converter 
for further processing using a micro- 
controller or a PC. 


Be 
GENERAL 


Wobble measurements, for example, 
using the short-wave synthesiser for the 
frequency range | to 65 MHz [1] need a 
logarithmic display of the reading with 
as extensive a dynamic range as possi- 
ble. Here the AD 8307 logarithmic 
amplifier from Analog Devices repre- 
sents an almost ideal component, as a 
detector with dB linear output. A glance 
at the specimen circuit shows how few 
components are required (Fig. 1). 


ae 
CIRCUIT DESCRIPTION 


The core of the circuit (Fig. 2) is the 
AD 8307 logarithmic amplifier from 
Analog Devices. In the data sheet, the 
IC is specified as up to 500 MHz, with a 
dynamic range of approximately 90 dB. 
This is valid for input levels of + 17 
dBm to 75 dBm. The AD8307 can even 
be used (with restricted accuracy) up to 
900 MHz and beyond. 


As the frequency increases, the display 
voltage decreases slightly. The associ- 
ated characteristics are shown as the 
frequency response of the AD8307 in 
Fig. 3. In the interesting frequency range 
between | and 65 MHz, the deviation is 
negligently slight. Compensation might 
be necessary, if applicable, with corre- 
spondingly broad-band measurement ap- 
plications. 


The dB linear output (pin 4) has a 
gradient of 20 mV/dB in the given 
circuit and is high impedance. A type 
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LM358 double OP is downstream as a 
buffer stage. Thanks to the two different 
feedback resistances, this makes load- 
able outputs available with gradients of 


Ausgangsspannung des 
logartithmischen Detektors 


Tdbm] 20mV/dB] SomVv/dB] 100mV/dB 


Table 1: Output voltage plotted 
against input power 
Ausgangsspannung des logarith- 
mischen Detektors = Output voltage of 
logarithmic detector, Eingang = Input 
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Fig. 1: 
Prototype of 
logarithmic 
amplifier up to 
500 MHz 


50 mV/dB or 100 mV/dB. 


The linearity and the offset (in relation 
to the input power) are set with two 
5$0-Ohm spindle trimmers (see also 
Section 4: Putting into practise). Table | 
shows the output voltage, plotted against 
the input power following the balancing. 


As an extension, space was provided on 
the printed circuit board for a 12-bit 
type LTC 1286 A/D converter manufac- 
tured by Linear Technologies. This 
makes the signal to be measured avail- 
able (through a serial 3-conductor bus) 
for further processing using a micro- 
controller or PC. 


oe 
ASSEMBLY INSTRUCTIONS 


The circuit for the logarithmic amplifier 
for up to 500 MIIz (DJ8ES047) is 
assembled on a double-sided copper- 
coated epoxy printed circuit board (Fig. 
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DJ8ES 


A +12V 


——— 50mV/dB 


Fig. 2: Circuit for logarithmic amplifier with AD8307 


4) with dimensions of 54 mm. x 72 
mm.. It should be housed in a suitable 
tinplate housing. 


A BNC socket is provided for the 
measurement input. The voltage of + 12 
V is fed through a 1-nF feedthrough 
capacitor. Teflon bushings are used for 
all outputs. 


First, all the resistors and capacitors and 
the voltage regulator are inserted, in 


accordance with the component plan 
(Fig. 5). Before the ICs AD 8307 and, if 
applicable, LTC 1286 are soldered in, 
their supply voltage of + 5 V should be 
tested at the output of the 78L05 fixed 
voltage regulator. 


Because of the high maximum operating 
frequency, which exceeds 500 MHz, the 
AD8307 had to be soldered directly 
onto the printed circuit board i.e. with- 
out a socket. 
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3.1. Component list 


1 x DJ8ES 047 printed circuit board 


| x tinplate housing 55.5 mm. x 74 mm. 


x 30 mm. 


1 x AD8307 logarithmic amplifier, DIL 
8-pole 


| x LM 358 operational amplifier, DIL 
8-pole 


| x LTC 1286 A/D converter, DIL 
(optional) 


1 x 78L05 fixed voltage regulator 


2x 10 wF/35 V, tantalum electrolytic 
capacitor 


2 x 50-kOhm vertical spindle trimmer 
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1 x I-nF Df capacitor, solderable 

| x 4mm. soldering lug, turned down 
5 x Teflon bushings 

5 x 100 nF, RM 2.5 mm., ceramic 


I x 1 nF, RM 2.5 mm., ceramic 


Ys W resistances, RM 10 mm.: 


1x 51 Ohms 

1 x 10 kOhms 
2 x 20 kOhms 

1 x 30 kOhms 

| x 80.6 kOhms 


AD8307 - logarithmischer Detektor 


250 ; 


nN 
8 


: 


Anzeigespannung [V] 
8 


° 
g 


0.00 } + ! 
10 Oo -10 -~2 


Eingangsieistung [dBiny 


Fig. 3: Frequency response for AD8307 


Anzeigespannung = Display voltage, Eingangsleistung = Input power 
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log.-Detektor 
500 MHz 


4. 
PUTTING INTO OPERATION 


Feed in the + 12 V DC power supply 
and an input signal of e.g. 0 dBm (1 
mW). You should already be able to 
obtain a reading from a measuring 
instrument connected to the two outputs. 


Use the 50-Ohm trimmer (through 10 
kOhms to pin 4 of AD8307) to set the 
linearity of the entire system. The 
voltage differential between any test 
signal and a signal weakened by 10 dB 
must be exactly 1 V. 


The simplest way of balancing this is 
with a switchable attenuator. During the 
balancing procedure, the absolute value 


50mV/dB 


DJ 8 ES 
047 


100mV/dB 


+12V 


of the measurement voltage displayed is 
of no importance. The only thing rel- 
evant is the differential of 1 V to be 
established between the two measure- 
ment levels. 


Finally, adjust the input signal offset. To 
do this, feed the test signal into the input 
at a level of 0 dBm and use the 
50-kOhm trimmer at pin 5 of AD8307 
to sect 100 mV/dB output to precisely 
9.0 V. 


That completes the balancing. The loga- 
rithmic detector now measures outputs 
between + 10 dBm and 80 dBm in 
accordance with Table | at the begin- 
ning of the article. A reading of ~ 10 
dBm (10 mW) thus corresponds to a 
voltage of 10 V at the 100 mV/dB 
output or, to put it another way: | V per 
10 dB. 
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100n 
100 = 
n = 
enca L LTC | 
roontl” 50K° gy | 1286 | > 
eS! 0p ae . 
ro 781.05 
$307 1 ES 
al | 7 Ik = 10nF 
g 100n 806k 
1000 E ——o 
50ko] = h LM s 
H 358 | 
Coe fo 
30k 20k 


Fig. 5: Component plan for DJ8ES 047 assembly 


In wobble measurements with the short- [2] Data sheet AD8307 
wave synthesiser, the Y input of an 
oscilloscope is connected up at the same 
point. Set the oscilloscope to | V/cm. 
for the purpose. The synthesiser supplies [3] Data sheet LTC 1286 

the X deflecting voltage. The settings ; ; 

and measurement structure required Linear Technology Corporation, 1994 
have already been discussed in [1]. 


Analog Devices, Inc., 1997 


5. 
LITERATURE REFERENCES 


[1] Kaa, Bernd, DG 4 RBF 


1-65 MHz short-wave synthesiser with 
DDS 


VHF Reports, no. 4/99 
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Blue Binders for 
VHF Communications 


Each binder holds 3 volumes - 12 issues 


£6.50 each + shipping 


Shipping - UK £0.75, Surface mail £1.25, Air Mail £3.00 


You can order via the web site - http://www.vhfcomm.co.uk 


Plans for VHF 
Communication in 2000 


] want to maintain, and hopefully in- 
crease the circulation of VHF Communi- 
cations. I am contacting other amateur 
radio publications and outlets around the 
world to try and set up co-operative 
advertising. 


I will be attending the RSGB Rally at 
Donnigton Park in September and will 
have some examples of the kits de- 
scribed in this years magazine. 


I am working on the Web site to 
improve its content, a search facility was 
added in April. By the time you read 
this magazine the full index of maga- 
zines will be included in the search so 
that you can easily find old articles. 


Looking forward to next year I am 
hopeful that the price of the magazine 
will stay the same. This depends quite a 
lot on the circulation, so encourage your 
friends to subscribe. Two things that 
will happen is are a review of the price 
charged for postage, particularly to 
reduce the air mail rate, and a change to 
a single price for credit card and cash. 


73s 


Andy - GSATD 
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VHF Communications 


The Back Issue sale has ended, the good news is that the prices for the back issue 
magazines will not change. The prices remain as :- 


Single issues from 1972 to 1998 - £1.00 each + P&P 
Single issues from 1999 volume - £4.70 each + P&P 
Complete 1999 volume - £18.50 + P&P 
Back issue set 1972 - 1997 - £45.00 + P&P 


(see table for contents of back issue set) 


The only thing that has changed is that the price for postage has to be added to the 
magazine price. This is because the postage varies depending on where the delivery 
has to be made. When postage was included in the very low price for back issues it 
meant that some orders were being supplied for just a few pence profit. The current 
postage price for the most popular orders is :- 


Rest of Worl 
Air Mail 


UK | Europe | Europe | Rest of World st of W 
—- 30 day | 7-10 day up to 60 days 
Back Issue set £7.50} £34.50 | £26.50 | £61.00 £33.00 
(5.5 Kg parcel) —_ halle 


Please enquire for a price for any other combinations 
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Back Issues 


Back Issues Available, P=Photo copy, L=Low quantity 


Year Ql Q2 Q3 Q4 Back issue set 
1999 ¥ Y Y Y 0 
1998 ¥ Y Y ye 0 
1997 Y Y ¥ Y, i 
1996 % ¥ Y y 4 
1995 Y x Y Y 4 
1994 Y Y Y Yi 4 
1993 Y Y Y P 3 
1992 Y ¥ ¥ ¥ 4 
199] N N N N 0 
1990 N NK Y P | 
1989 N E N I i) 
1988 N L, BE L 0 
1987 N N P P 0 
1986 Y Y Y Y 4 
1985 Y M6 Y Y 4 
1984 Y 4 ¥ y 

1983 Y x ¥ x 4+ 
1982 N N N N i) 
1981 Y ¥ P N 2 
1980 N N N P 0 
1979 Y N y N 2 
1978 Y y N N 

1977 Y N N Y 2 
1976 N N EL N 0 
1975 Y Y I N 2 
1974 ¥ N N N | 
1973 N av N N 1 
1972 Y ad N ¥ 3 

55 Total 
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